Although Tanzania is mainly an agricultural country and produces much food, there are certain districts where food insecurity is persistent. The general causes of food insecurity include use of low-level technologies. However, the extent to which lack of entitlements explains food insecurity is not known. We thus conducted a research in Rufiji District during the agricultural season 2005/2006 as a case study to: (i) determine the proportion of food insecure households; (ii) rank some indicators of entitlement vis-a-vis those of Malthusians', Anti-Malthusians', and Woldemeskel's contentions with regard to their relationship with food security; and (iii) determine the correlation between the above indicators of entitlement and dietary energy consumed, which was the main indicator of food security in the research. We found that entitlement to food in terms of cash spent on buying grains was the factor most positively associated with food security. Its correlation with food security in terms of kilocalories consumed per capita per day was +0.803 and the correlation was significant at the 0.1% level of significance (p = 0.000). Based on the finding, it is concluded that food security in the district mainly depends on entitlement to food, particulariy buying food. Therefore, the study recommends that, besides helping the citizens of the district use agricultural technologies to produce more food, efforts to improve food security should also support various non-farm income generating activities and livestock production to increase income that will help the people get more access to food through buying it.
Introduction
Food security is defined as "access of all people at all times to enough food for an active healthy life" (World Bank, 1986 , cited by Pottier, 1999 . It is a development issue since food insecurity impacts negatively on many other indicators of well-being. While developed countries of Europe, North America and Northern Asia have no problem of food insecurity, most developing countries, especially in Sub-Saharan Africa (SSA), South-Eastem Asia and the Pacific have it. For example in Tanzania, 19% of the population was below the monetary food poverty line of Tsh 5,295 per adult equivalent for 28 days in 2001 prices, and below the caloric consumption of 2,200 kCal per adult equivalent per day, which is the official minimum recommended dietary energy intake in Tanzania, according to NBS (2002) . General causes of food insecurity in Tanzania, which are also the same in most other developing countries, are little acreage; dependency on rainfall; use of low-level technologies for tillage, crop and livestock husbandry, storage and processing of crop and livestock products; financid inability to use improved seeds, fertilizers, pesticides, and herbicides; poor markets for agricultural and livestock products; weak agricultural extension services; poor division of labour at the household level; bad farming practices leading to various environmental hazards; and poor transport means that constrain input supply and products haulage to market places.
While the above factors are well-known, the extent to which theoretical contentions on determinants of food security explain food insecurity in Tanzania is not known because no study has been done on the subject. Therefore, the research from which this paper is based was done to analyse, among others, the extent to which the entitlement to food approach by Sen (1981) , Woldemeskel's (1990) contentions, and Malthusian and anti-Malthusian theories about population and food explain food insecurity in Rufiji District. The specific objectives of the research were to: (i) determine the proportion of food insecure households; (ii) rank some indicators of entitlement vis-a-vis those of Malthusians', anti-Malthusians', and Woldemeskel's contentions with regard to their relationship with food security; and (iii) determine the correlation between the above indicators of entitlement and dietary energy consumed, which was the main indicator of food security in the research. The empirical knowledge generated by the analysis might inform strategies to improve food security in Rufiji District. To start with, we look at the three classes of theories, or rather contentious issues, affecting food security mentioned above.
Contentious Theoretical Issues Affecting Food Security

2,1 Malthusian and anti-Malthusian Contentions
Malthusian and anti-Malthusian contentions are two rivalry positions on the relationship between food availability and population grovilih. Malthusians contend that food insecurity is due to there being too many people compared to the amount of food produced. This contention began during the time of a famous British Reverend, Thomas Robert Malthus (1766 -1834 who, in his first essay titled An Essay on the Principle of Population in 1798 wrote: Population, when unchecked, increases in a geometrical (i.e. compound) ratio. Subsistence (i.e. food production) increases only in an arithmetical ratio... By that law of our nature which makes food necessary to the life of man, the effects of these two unequal powers (of population and food) must be kept unequal. This implies a strong and constantly operating check on population from the difficulty of subsistence. This difficulty (of providing sufficient food) must fall somewhere and must necessarily be severely felt by a large portion of mankind (Malthus, 1798, cited by Dyson, 1996: 3-4 , with interpretations in the brackets).
However, Malthus was not the first person to argue so. According to Schumpeter, Malthus was influenced by works of Giovanni Botero (1544-1617): "The Malthusian Principle of Population sprang full developed from the brain of Botero in 1588." To some extent this is valid because Malthus's contentions are to a large extent similar to what Botero wrote in his 1588 "Delle cause della grandezza delle cittd (i.e. The Cause of the Greatness of Cities), which reads:
Populations tend to increase, beyond any assignable limit, to the full extent made possible by human fecundity: the means of subsistence, on the contrary, and the possibilities of increasing them are definitely limited and therefore impose a limit on that increase, the only there is; this limit asserts itself through want, which will induce people to refrain from marrying unless numbers are periodically reduced by wars, pestilence and so on" (Schumpeter, 1994 , cited by Brigham, 2004 .
But unlike Botero who was not sure of mentioning specifically food or any other means of subsistence, Malthus was specific on the negative impact of population growth on food production. People believing in the above contentions are Malthusians whUe those who have contrary beliefs are anti-Malthusians.
Classic Malthusianism was the dominant thinking about the relationship between population grovith and food security untU the early 1960s. However, m the late 1960s classic Malthusianism became less popular after Ester Boserup (1910 Boserup ( -1999 , mainly reacting against the Malthus's model of the relationships between population growth and food security, argued successfully that technological development could boost food production enough to keep up with population growth for many years. She argued that population grovith is a major factor determinmg agricultural development (hence food security) and that "...in many cases the output from a given area of land responds far more generously to an additional input of labour than assumed by Malthusian authors" (Boserup, 1993: 14) . Boserup's contentions are shared by other anti-Malthusians, for example, Julian Simon (cited by Dyson, 1996: 6) who argues: "The ultimate resource is people; skilled, spirited, and hopefiil people who wiU exert their wiU and imaginations for their own benefit, and so, inevitably, for the benefit of us all." However, Boserup and other anti-Malthusians were not the first ones to say this. In 1756, Lutken (cited by Dyson, 1996: 6) wrote: "It is in my opinion...that there can never be too many people in a country.. .people and the multitude of people are the greatest and most splendid wealth by which...all other kinds of wealth can be achieved." Another anti-Malthusian scholar who held views similar to Lutken's before Malthus wrote the first essay was Marquis de Condorcet (1743-94) who argued that with high population increase "... a very small amount of ground will be able to produce a great quantity of supplies of greater utility or higher quality" (Dyson, 1996: 6) . In addition, Condorcet argued that education would bring lower birth rates, as rational human beings would see the value of limiting family size, giving their children the prospect for longer and happier lives. Reason, the anti-Malthusians argued, would secure a better balance between people and food (Kennedy, 1993; Sen, 1994 , cited by Brigham, 2004 .
In spite of the first agricultural revolution and the industrial revolution that occurred in Europe during the 18"^ century and the Green Revolution that occurred in India in the 1970s having made Malthusian thinking hardly applicable, the debate that Malthus initiated has been so persistent and recurrent since then. Even today, especially after the 2"'' World War, there are Malthus's followers who are known as neo-Malthusians. Some of the today's best-known neo-Malthusians are Brown and Kane (1994) who estimated that the earth's optimum carrying capacity is about 5.5 billion people, and argued that large parts of today's developing world are caught in a demographic trap:
Once populations expand to the point where demands begin to exceed the sustainable yields of local forests, grasslands, croplands, or aquifers, they begin directly or indirectly to consume the resources base itself. Forests and grasslands disappear, soils erode, land productivity declines, water tables fall, and wells go dry. This in turn reduces food production and incomes, triggering a downward spiral in a process we describe as the demographic trap (Brown and Kane, 1994: 55) .
Brown and Kane also argue that expansion of food production, like during the green revolution of India in the 1970s, is difficult today because the backlog of unused agricultural technology is shrinking, leaving farmers with fewer agronomic options to expand food output; demands for water are pressing against limits of the hydrological cycle to supply irrigation water; and in many countries the use of additional fertilizers on currently available crop varieties has little or no effect on yields.
Neo-Malthusians are very pessimistic about the relationship between food security and population growth. They predict that by 2020 there may be several hundred million excess deaths stemming from hunger and famine due to excessive growth of the global population (Brown, 2004) . But anti-Malthusians are very optimistic about the relationship between food security and population growth; hence their contentions are in stark contrast to those of Malthusians. For example, Dyson (1996: 18) argues that it is not true that several hundred million excess deaths will occur by 2020. He adds that technology for food production, including biotechnology, will defmitely make it possible to produce enough food even if population may grow much. Although the above pessimistic and optimistic theories differ in their explanation, both of them focus on food availability (supply), mainly through production.
TAe Entitlement Approach to Food Security
Unlike the above pessimistic and optimistic theories that focus almost exclusively on food supply, the entitlement to food theory focuses more on possession of wealth materials which can be exchanged for food or can be used to get food through other means. Entitlements are defined as "... the set of alternative commodity bundles that a person can command in a society using the totality of rights and opportunities that he or she faces" (Sen, 1984: 497, cited by Leach et al, 1999: 232) . The pessimistic and optimistic contentions about the relations between population growth and food security reviewed above have been challenged by Sen (1981) who argues: "People do not usually starve because of an insufficient supply of food at the local, national or international level, but because they have insufficient resources, including money ('entitlements') to acquire it." Sen classified entitlements into three categories: (i) endowments, which are all legal resources that can be used to obtain food, including money, land, machinery and animals, but also more abstract resources such as labour power, 'know-how', kinship and citizenship; (ii) entitlement mapping (or E-mapping), which includes terms of trade between endowments and food, goods, and the ratio between money wages and the price of food, or the input-output ratios in farm production; and (iii) entitlement-set, which represents the basket of food, goods, and services that a person can obtain using his/her endowments.
Sen is not the only person who has analysed entitlements. Leach et al. (1999) have also analysed entitlements and introduced the concept of environmental entitlements, which they define as "alternative sets of utilities derived from environmental goods and services over which social actors have legitimate effective command and which are instrumental in achieving well-being." Such environmental entitlements, they add, include direct uses of resources in the form of commodities, such as food, water or fuel; the market value of such resources or of rights to them; and the utilities derived from environmental services such as pollution sinks or properties of the hydrological cycle. Based on the examples that Leach et al. have given, it is easy to deduce that environmental entitiements can help improve food security, for example by people with free access to forests obtaining timber and non-timber forest products that they can sell to get cash which they may use to buy food. Such products may be poles as building materials, firewood, charcoal, and medicinal plants. Some wild foodstuffs and game to be consumed directly may be obtained from forests, and also some rocks for selling may be obtained freely from certain landscapes.
Sen's analysis of food security in terms of food access through entitlements rather than food availability gave rise to hot debates, most people opposing him. For example, Woldemeskel (1990) argues that the entitlement approach is narrow because it dwells on only possession, while food security attainment is contingent upon four determinants: (a) availability, (b) institutional elements, (c) market forces, and (d) possessions. Woldemeskel (1990) continues that the entitlement approach recognises the contribution of food availability to food security but dismisses it, and completely ignores institutional elements and market forces. Another scholar who has also criticised Sen's analysis is Patnaik (1991) who argues that: "It would be a grave error to ignore or discount long-term decline in food availability for...these trends can set a stage for famine even though famine does not thereby become inevitable." This shortcoming is closely related to Woldemeskel's points that: (a) Sen recognises but dismisses food availability, and (b) Sen completely ignores market forces. Patnaik's view is shared by Alexandratos (1997) who contends that the entitiement approach relegates the need to increase food production to a subsidiary role.
Reutlinger (1984, cited by Sijm, 1997) argues that the entitlement approach underestimates the importance of food supply, while even minor real or expected shortfalls in food supply can have far-reaching consequences for food security of particular groups, e.g., through a steep rise of food prices which poor consumers have to pay for their food purchases. Mitra (1982: 488, cited by Sijm, 1997: 93) argues: "Sen has not said anything beyond what our great grandmothers were already aware of" Srinivasan (1983, cited by Sijm, 1997: 93) asserts: "The entitlement approach is a fancy name for elementary ideas fairly well understood by economists, though not necessarily by policy makers." Nolan (1993, cited by Sijm, 1997: 93) claims: "The entitlement approach does not constitute a methodological advance upon the best previous analyses of famine. The word has a scientific ring, but it is analytically useless." Sijm (1997:93-94) supports the above criticisms by saying:
Most of Sen's ideas on the relationship between poverty and, famines were already known; his exuberant use of new concepts complicates rather than facilitating understanding these ideas. It is preferable to use as much as possible the normal language of current disciplines on a comprehensive theme such as food security." However, aiticising others for their ideas is easier than suggesting better feasible ideas. For example, Woldemeskel did not even define what is an institution. He just said: "...our ability to command food depends not only on possession but on further institutional conditions which could have been invoked to explain how the possessions were secured" (Woldemeskel, 1990: 494) . Since some of the criticisms against the entitlement approach like those of Woldemeskel do not explain the how-side of their suggested alternative analyses, and since some of the criticisms are rather ironic unnecessarily (for example Mitra's criticism above), the entitlement approach is strong. Not only that, but also the strength can be explained by taking an example of a hypothetical society which does not rely on crop production; or whose circumstances do not favour crop production but the society has other activities of producing some lucrative goods and providing profitable services while the market forces are good for food. Such a society can easily be food secure by buying food from other societies in which food production is one of the economic activities, using income obtained from selling the goods they produce and/or services they provide. We thus contend that the entitlement approach explains food security to a considerable extent, which this paper addresses.
That the entitlement approach explains food security is also indicated by literature which supports the approach. For example, Sijm (1997: 94) commends Sen for bringing together and formalizing old ideas on hunger and poverty in a general framework, and for emphasizing the unportance of factors other than aggregate food availability. Sijm adds that, careful reading of Sen's writings can help understand why certain people suffer from hunger and under-nutrition amid a world of plenty. Another writer supporting the entitlement approach is Osmani (1995 , cited by Brigham, (2004 who asserts that Sen does not dismiss food availability decline (FAD); he simply says that it is usually not the ultimate cause of famine and endemic hunger. Osmani further argues that Sen's main aim has been to prove that food availability decline should not be taken as a universal explanation for all famines. But the reason for de-emphasising food availability decline (as a cause of famine) was to challenge the hegemonic position of the food availability approach.
Institutions and Food Security
An institution is defmed as a custom, practice, relationship, or behavioural pattern of importance in the life of a community or society (http://www.answers.com/topic/ institution). Vatn (2005: 60) defmes institutions as: " ... conventions, norms and formaUy sanctioned rules of a society. They provide expectations, stability and meaning essential to human existence and coordination. Institutions regularize life, support values, and produce and protect interests." Defmed like that, institutions can help mitigate food insecurity at the household level, for example by households giving one another food where such a custom exists like in Rufiji District.
Unlike Woldemeskel who sees no institutional elements in Sen's analysis, reading Sen closely, and having in mind the meaning of an institution' as defmed above, one fmds that institutions are well-covered in Sen's analysis of entitlement to food. Sen's classification of entitlements as seen in Section 2.2 reflects institutions in terms of citizenship, kinship and culture, which influence the distribution of food in society.
2,4Market Forces and Food Security
Market forces in terms of supply and demand for food affect food prices, hence the extents to which various people have access to food through buying it. The supply of food can be compounded by poor infrastructure, or poorly integrated food markets in famine-prone areas, as well as high transport costs and risks (Devereux, 1988; de Waal, 1990; Nolan, 1998 , cited by Sijm, 1997) . Market forces are also analysed by Kalecki (1971 : 43-61, cited by Brigham, 2004 who explains that inelastic properties of food production greatly affect food markets. He clarifies that because it takes time after seeds are planted before they bear fruits, food production cannot be expanded rapidly, and the supply of food will be inelastic with regard to demand. Consequently, where the level of food supply is low relative to its demand, prices wUl tend to rise. On the other hand, where the supply is greater than demand, prices wUl tend to fall. This is unlike (the much more elastic) production of industrial goods, where supply varies according to demand and prices are relatively stable (Kalecki, 1971 : 43-61, cited by Brigham, 2004 .
Unlike Woldemeskel and Patnaik who criticise Sen for ignoring markets in his analysis, Brigham says that Sen considers markets in his entitlement approach by suggesting "... concentration on such policy variables as social security, employment guarantees, terms of trade between non-food and food (especially between labour power and food)" (Sen, 1980: 620, cited by Brigham: 30) . Moreover, while Woldemeskel does not explain how markets influence food security. Sen (1981) considers markets in entitlement mapping in terms of trade between endowments and food, goods and services (Sen, 1981: 46) . Osmani (1995 , cited by Brigham, 2004 further analyses markets by saying that the ratio between money wages and the price of food, and the input-output ratios in farm production influence food security.
Sources of Data 3,1 Geographical Location of the Research Area
The research on which this paper is based was conducted in Rufiji District, Tanzania, which is located in the Coast Region along the shore of the Indian Ocean, about 178 km South of Dar es Salaam. The district was selected because food insecurity in the area is much higher than the Tanzanian figure of 19%, notwithstanding that more than 80% of the people in the district are farmers (or rather peasants) vwth enough land area and soil fertility that are good for potential production of enough food. Moreover, the biggest river in Tanzania, Rufiji River, passes through the district and feeds into the Indian Ocean, which means that irrigation could be done using water of the river to ensure surplus food production of rice, maize, and other CTops. The district has 6 divisions, 19 wards, and 98 registered villages, but the research was confined to the Rufiji Health and Demographic Surveillance System (HDSS) area, where the Rufiji HDSS had been
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Reproduced by Sabinet Gateway under licence granted by the Publisher (dated 2013) collecting demographic data thrice a year since 1998. The Rufiji HDSS area has 2 divisions, 6 wards and 33 villages. Confinement to the area was justified on the basis that about 50% of the population of the district lives there.
Indicators Used for Contentious Theoretical Factors Affecting Food Security
The Indictors
The response (dependent) variable for this research was food security in terms of Dietary Energy Consumed (DEC) per capita per day, and households self-appraisal of their own food status. The explanatory (independent) variables whose associations with food security were analysed were: (i) Malthusian school of thought, which was indicated by household size; (ii) anti-Malthusian school of thought, which was indicated by the use of agricultural technologies; (iii) entitlement approach, which was indicated by the amount of land cultivated and the amount of cash spent on buying grains; and (iv) Woldemeskel's contentions that food security is contingent upon institutions and markets. Markets were indicated by respondents' scores on food prices in nearby market places having affected food security or not, and respondents' scores on food availability in nearby market places having affected food security or not. Institutions were indicated by grains (maize and rice) received freely from relatives and neighbours because households giving one another food is a custom in the area, while customs are subsumed in the definition of institutions. The indicators are summarised in Table 1 . 
Rationale for the Indicators Used
Using household size as an indicator of population was based on the level of analysis that was a household and the study being a cross-sectional one. Using technology in terms of a scale comprising irrigation and uses of tractors, improved seeds, fertilisers, and pesticides was based on very few households having used at least one of the technologies, as seen in Tables 5 and 6 . Therefore, using all the technologies as a composite measure of technology made it possible for more households to be included in the analysis. The number of times poor food supply in nearby market places was mentioned as a bigger cause of food shortage vis-a-vis other factors was used as a measure of food supply because the market places are common centres from where various foodstuffs are bought, not supermarkets (which do not exist in villages but are in towns) or homesteads where smallholder farmers are normally exploited through low farm gate prices. The more the foodstuffs in nearby markets, the higher the chances of more people having access to the food, and vice versa.
Acreage, rather than land owned, was used as an indicator of entitlement because the more the acreage the more the food produced, especially among smallholder farmers of developing countries. Moreover, it was used rather than land owned because the district is one of the areas with little population per unit area of land in Tanzania (15.2 people per km^), unlike the Coast Region figure which is 27.4 people per km^ while the national figure is 39.1 people per km^ (NBS, 2003) . Hence, some land that is suitable for crop production remains fallow in some cases. Cash spent on buying grains was also used as an indicator of entitlement because, though the villagers in the research area are predominantly crop producers, their production levels are so low that almost every one buys grains. Grains (maize and rice) received freely were used as a proxy indicator for institutions because giving foodstuffs to neighbours and relatives, especially from one's harvests, is a custom in the area; and, as seen in Section 2.3, the definition of institutions includes norms, customs, and practices. The number of times high prices of food in nearby market places was mentioned as a bigger cause of food shortage vis-a-vis other factors was taken as an appropriate indicator of markets because the lower the prices the more the chances for more people to afford buying the food, and vice versa. Dietary energy consumed per capita per day was used as a measure of food security because it is a universal measure of food security and the actual indicator of the same, which is recommended and used by FAO.
Sampling Frame, Sample, and Sampling
The sampling frame was all the households in the Rufiji HDSS area, which were 16,567 in January 2005, are as seen in Table 2 . A sample of 242 households was selected through proportional stratified sampling', each of the 6 wards of the Rufiji HDSS being a stratum and using a sampling fraction of 242/16,567, which was about 0.0146. The sampling fraction was multiplied by the number of households in each of the wards to get the number of households seen in Table 2 . Having got the numbers of the households, specific households that were involved in the research were obtained through systematic sampling, which was done rigorously by first choosing the first household randomly using a table of random numbers, and then choosing each of the subsequent households by adding the respective sampling interval for each of the villages. However, since respondents had the freedom of responding or not responding to the questions, and since some of them migrated while the research was going on, data were obtained from 225 households.
' In proportional stratified sampling, sub-samples that are proportional to the sizes of the sub-sampling frames from which the sample is selected are selected, unlike in simple stratified sampling where subsamples are equal regardless of the sizes of the sub-sampling frames fi'om which the sample is selected (William, 2006) . 
J. 4 Data Collection and Instruments
Two methods were mainly used for data collection: Household Income and Expenditure Survey (HIES), and structured interviews. The two methods were preceded by a Participatory Rural Appraisal (PRA) exercise, which was meant for gaining insights about the relationship between food and population to inform subsequent HIES and structured interviews. Two HIESs were conducted, each for 30 consecutive days during a period of food shortage from 21/11/2005 to 20/12/2005; and during a period of food abundance from 21/6/2006 to 20/7/2006. This exercise was carried out by Rufiji HDSS enumerators residing in the villages by visiting sampled households after every three days; and requesting the household heads or other members authorised by household heads to give them estimates of foodstuffs consumed during the previous three days, and prices of the foodstuffs at the price of a nearby market place. Moreover, they asked them about non-food items they had consumed on the previous three days, and about durable assets they had bought from 1/7/2005 to 30/6/2006. For every household, the data were recorded in a spiralbound booklet that contained 30 pages that were exactly similar for entering the data for 30 consecutive days. were used for data collection because the people in the area are used to them; they trust them; hence they can cooperate well with them by giving them true answers.
^ Some of the sampled households were not available due to migration, travelling, or declining to answer some questions. Some of them were replaced by others from a reserve list which had been prepared before the research started.
The people of the area, due to being interviewed at least thrice a year by Rufiji HDSS staff and some other researchers, are already exhausted with repeated interviews; hence they are likely to dodge an interview or give hasty answers, especially to new researchers apart from the Rufiji HDSS "researchers". Therefore, the use of Rufiji HDSS enumerators and supervisors was meant to get more reliable responses.
Data Analysis
The data collected were analysed using the Statistical Package (West et al, 1988) were used for the calculation. The tables show that 1 kg of white maize flour as well as 1 kg of rice contains 3350 kcal. Therefore, the amounts of rice and maize eaten in kg were multiplied by 3350 to get the amounts of kcal consumed in maize and rice. DEC obtained using the above procedure was multiplied by100/80 to provide for energy from other sources. The result was then divided by household sizes to get DEC per capita.
Empirical Findings of the Research
4,1 Qualitative Influence of Entitlements on Food Security
The research involved a qualitative assessment of experiences of households which had had food shortage any time during the previous 12 months. While the sample had 225 households, only the households whose respondents said that their households had experienced food shortage (172) were involved in the qualitative assessment. However, 10 of the 172 households did not respond to all of the questions aimed at gauging the extents. Therefore, 162 households took part in the assessment through a pair-wise ranking exercise that was based on the tool presented in Table 3 . These were the ones which, according to the knowledge of their respondents, had experienced food shortage, and were willing to respond to the questions to gauge the extents. Table 3 contains major issues of contention in Malthus's, anti-Malthus's, Sen's and Woldemeskel's presentations. The factors were first clarified to the respondents as defined in Table 1 . Each of the 6 contentious factors had equal chances of winning 0 to 5 times for every respondent. For example, large household size had the possibility of winning and appearing in all the un-shaded cells in the second row; bad institutional factors had the possibility of appearing in aU the un-shaded cells of the last column; and lack of entitlements had the possibility of appearing thrice in the fourth row and twice in the fourth column. For every household, the table was filled up with 15 choices in the 15 un-shaded cells. Since the respondents were 162, the maximum number of times each of the six contentious factors had the possibility of being chosen was 810, that is 5 chances times 162, which is 810. Table 4 summarises the number of times each of the contentious factors was chosen in the whole group of 162 respondents. Using 810 as the denominator and expressing the scores of each contentious factor as a percentage, the extents to which each of the factors was perceived to have contributed to food shortage is given in Table 4 . As Table 4 shows, therefore, the major factors that were perceived to have contributed to food shortage were use of poor technology, high food prices in the market, institutional factors, and lack of entitlements. Large household size and supply of foodstuffs were minor causes of food shortage. The qualitative assessment was used as a preliminary look at the factors and their causes of food shortage; more empirical analysis was done using Pearson's moment correlation to compare the levels of correlation and significance between factors reflecting the above six contentious factors and food security in terms of dietary energy consumed per capita per day, which we now discuss. In order to assess the correlation between the six contentious issues and food security, each was represented by an indicator or a number of indicators measurable in continuous numbers (at the ratio level) using variables that were deemed the most explanatory, which are indicated in Table 1 .
Descriptive Statistics
Descriptive statistics of the variables for the research, based on the indicators presented in Table 1 , are summarised in Table 5 . The maximum possible scores for technologies, food supply in market places, and prices of food in market places were 5 in each case. The numbers were not categorical: they were ratio level measurements. For technologies, the scores represented the numbers of technologies used. The five types of technologies (irrigation, tillage mechanisation, use of improved seeds, use of fertilisers, and use of pesticides) in the research, as seen in Table 7 , were considered. The results in Tables 5  and 6 show that only 31 households used at least one of the five types of technologies, and that the highest number of technologies used in a household was two!
Correlation results
Using the indicators of various contentious issues affecting food security hsted in Table 1 to correlate each of them with the dependent variable (dietary energy consumed per capita per day), the correlation coefficients and their concomitant levels of significance are presented in Table 6 . According to Cohen and Holliday (1982) , correlation coefficients (regardless of positive or negative signs) are interpreted as follows: below 0.19 is very low, 0.20-0.39 is low, 0.40-0.69 is modest, 0.70-0.89 is high, and 0.90-1.00 is very hi^. The correlation results in Table 6 show that, of the six contentious factors that caused food insecurity, the most explanatory one was entitlement to food. The correlation coefficient between entitlement in terms of cash spent on buying maize and rice, which are the most important staple foods in the research area, was high (the highest of all the contentious factors) (r = +0.803), and it was significant at the 0.1% level of significance (p=0.000). Moreover, the correlation coefficient between entitlement in terms of land cultivated for maize and rice production was positive and significant (r = +0.324; p=0.000). Cash spent on buying grains being highly positively correlated with food security was due to the facts that buying food was a common source of food, and all the households were buying some grains. This means that one with more purchasing power was more food secure than others with less purchasing power. The results support Sen's (1981) arguments that food security is mainly explained by entitlements. The correlation between acreage and food security being positive and significant was due to the fact that more than three-fourths (77%) of the households in the sample were dependent on food production for their food security.
Household size was negatively conelated with food security, and the correlation was significant (r = -0.388; p = 0.000). This result is in conformity with neo-Malthusian contention that population has negative influence on food security. However, some previous researches elsewhere in Tanzania have shown positive correlation between household size and food security. For example, Kayunze (2000) found this in Mbeya Region, and Kamuzora (2001) found less poverty in larger households in Kagera Region. In both cases the plausible explanation for the findings was that it happens more where households have more labour force in terms of a bigger proportion of adult members who work either on farm or otherwise. Kayunze (2000) argues that in households with higher dependency ratios, or where households depend on one or a few members who are working, the bigger the household size the less the food security. This view is partly shared by Kamuzora (2001) who argues that in Africa less poverty with large household size is common in less developed countries; and that in more developed African countries like South Africa, there is less poverty with smaller household. During the PRA exercises that were undertaken as part of this research, there were complaints among discussants that most men and young people (both male and female) tend to dodge agricultural activities. As a result, there is shortage of agricultural labour because agriculture is done more by older women. This partly explains the significant negative association between household size and food security in the district.
Technology in the sample was positively associated with food security. This supports Boserup's (1993) contention that technological development can boost food production enough to keep up with high population. However, the correlation was not significant, not because Boserup's contention was not strong but because in the sample only a few of the households used improved technologies to produce food, as seen in Table 7 . The extent to which low food supply in market places caused food shortage and the extent to which high prices of food caused food shortage were both negatively associated with food security. Even though the correlations were not significant, they support Woldemeskel's (1990) contention that market forces affect food security. The conelation coefficients (r) being -0.071 (p = 0.186) and -0.009 (p = 0.545) for low food supply in market places and high prices of food in the market places respectively (Table 6 ) means that the former was more negatively associated with food security than the latter.
The finding that grains received freely and eaten had positive conelation (r = +0.462), which was significant at the 0.1% level of significance (p = 0.000) with food security, while the grains were a proxy indicator of institutions in terms of customs, means that institutions were very effective in increasing food security. This result highly supports Woldemeskel's (1990) contention that institutional elements are important for food security. In this research the only indicator of institutions, but the main one in the research area, was used. If more indicators of institutions had been used probably more significant association would have been found.
Levels of the Factors Analysed
In the analysis above, the levels of various factors analysed were given in general terms, e.g., households using technologies were few. Such generalisation is not very informative. Therefore, in this section, elaboration is given in terms of the levels of the factors analysed, with some comparisons between the research area (Rufiji District) and other places in Tanzania. To start with, major pertinent factors are summarised in Table 7 . The average household size in the whole sample of 225 households was 5.3, while it was 5.4 in the 172 households that had had food shortage; but it was 4.8 in the 53 households which said they had not had food shortage. In the whole sample, 55% of the households had at most 5 members. This was so for 52% of the households which had had food shortage, and 66% for those which had not had food shortage. Although the largest household had 11 members, overall the household size was not very large. The average household size in Tanzania is 4.9 (URT, 2003), but some districts have much larger households-e.g., 6.5 in Bukombe and Sengerema Districts, and 7.1 in Meatu District.
With regard to technology, only 31 households out of the sample of 225 households having reported that they had used at least one of the 5 agricultural technologies considered in the research shows that the use of agricultural technologies was extremely low. This makes it easy to realise why during pair-wise ranking, which was done using the tool presented in Table 3 , non-use of agricultural technologies was ranked as the biggest factor affecting food security. Unlike in some other places of Tanzania where oxen and ox-ploughs are used to till land, this technology is not used in Rufiji District. Therefore, most farmers rely on the hand hoe using their household labour and/or hired labour. In the sample, 85.8% of the households used their own labour to till land for maize production using hand hoes; and 13.5% used other means to till land for maize production. The other means included zero tillage and use of manual labourers. For rice land tillage, 80.2% of the households that grew the crop used their own labour to till the land using the hand hoe, and 16.7% used manual labourers.
Comparing the levels of agricultural technologies use in Rufiji with figures of use of the same technologies in other districts in Tanzania reveals that Rufiji District lags far behind other districts. For example, in Kilolo District the proportion of households using local maize seeds was 82% in 2002, unlike 90.1% in Rufiji District in 2006; 26% of households used chemical fertilizers on maize, unlike 0.7% in Rufiji District; and 39% used pesticides unlike 2.1% in Rufiji District (Isinika, et al, 2005) . According to the same authors (Isinika et al, 2005) , 13% of farmers in Kilombero District used improved rice seeds in 2002. But in Rufiji District no one used such seeds in a sample of 96 rice growers in this research.
Livestock ownership is a good entitlement for gaining access to food since livestock and their products are sold to get cash to buy food. Therefore, ownership of livestock was assessed in the research area. It was found that the only important livestock were chickens, which were owned by about a half (110 or 48.9%) of the 225 households, while only 8 (3.6%) owned sheep, 4 (1.8%) owned goats, and none owned cattle.
Conclnsion and Recommendations
Conclusion
From the above findings, one can conclude that population in terms of household size was the most important factor explaining food insecurity; and that between food availability and prices of food the former was a more serious factor associated with low food security. Moreover, we can conclude that the factor with the most negative effect on food security in Rufiji District, based on the sample, is population followed by low food supply in nearby market places, and high food prices in nearby market places. The most important factor enhancing food security in the research area is entitlement, particularly high purchasing power; and the size of land cultivated for grains (maize and rice). Institutions, in terms of grains received freely from relatives and neighbours, also play a considerable role in enhancing food security. As seen in Table 6 , the entitlement approach is the biggest factor associated with food security in Rufiji District.
Recommendations
Based on the findings, the following recommendations are worth considering for improvement of food security in Rufiji District:
(a) Policy makers and the Ministry of Agriculture are urged to help the people of Rufiji District use agricultural technologies: particularly irrigation, mechanisation for more acreage, and uses of fertilisers, improved seeds, and pesticides. (b) Policy makers and NGOs are urged to support other income generating activities in the district so as to increase income among the people to increase their purchasing power, which wUl help them get more access to food. (c) Since livestock are very few in the district, people should be urged to keep more livestock, especially goats and sheep besides poultry, so that they can also get income from livestock to buy not only food but also other needs. The Ministry of Livestock and Fisheries is urged to give more support to people keeping livestock in the district. (d) To keep food prices realistic, the people of Rufiji-most of whom are farmers like most other Tanzanians-are urged to increase food production and be net suppliers of food to other districts unlike during this study when they were net receivers of food from other districts.
